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ABSTRACT: A myoelectric brace consisting of a flxed wrist- 
hand splint portion having a movable finger support portion 
pivotally secured thereto which is operated by a hydraulic ac- 
tuator. The actuator is hydraulically coupled to a pump which 
IB dnven by a battery powqred. direct current motor. Three 
skin electrodes are positioned on the patienf^ arm and sense 
muBcIe potentials in the patient's arm when the patient tenses 
a muscle in the immediate area of the skin electrodes. The 
mwlthig myo-potentials are then amplified by a muscle poten- 
tttJ amplifier and are tfansTormed into a slowly varying control 
signal by a detector dnniit and a fUter drcuit. The control 
signd enteia a dilTeientlal ampllfSer where it causes the motor 
to ddve the hydraulic pump untU a predetermined pressure is 
reached. Actuation of the hydraulic pump causes the hydrau- 
Uc actuator to pivotally move the finger support towards the 
fixed splint portion. The motor stops when the difTerential am- 
plifier receives a signal from the pressure transducer equal in 
amplitude to the control signal. This causes the differential 
amplifier output signal to go to zero. Relaxalion of the pa- 
tient smuacle causes the finjer support to pivotally move 
away from the fixed splint portion. 
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MYOELECTRIC BRACE tion 20 and extend* laterally CberefnAn adapted tii cup «r lup- 

CI...... II. . ^. .. J . port the underside of the patient^i hand. Strap 36 extend* 

Suadraplegic pstienU are convenient because the electrical thereon n.»inHiin me ocviee 

EH*I?fii'' ' A ''y«'«'"« ««uator 38 is secured to tplint ponion 20 by 

tti; k .r. '*^V 'yP" IP-W storage which i< pivotally secured by a pin 44 toone of the adiu.slmc« 

^e^orl5^TranZ^^.!Sr™™S;t I'Sf " ^"^'^ «^ from .^riCart 

requirement*. Rr«. both the w«U «,d^» of ST braS! jJl^*' •^'^^^^^^S cause. «.pport 26 to plv^^ 

mounted actuator must be small. Second, the rasponse and u«rfi».^il* ..^.^..It^.. m r- i j i . u . . 

Therefore. It is a princ^lX^^ of this invention to pro- '^llt^^^^^^ 

vide a myoelectric brace for quadniplegic paUents. iL^i^l^ K.n^^ f "P.«^«^ ^0 extending 

A further object of this invention 1 to provide a myoelectric 20 ^jl^P bellowfram 56 and into piston 58. 

brace which is powered by a unique hydSsySri^^ .^D^'^ "^J^l n Tu?^ '^J^'*!?// 

by a direct cunent battery operai^ moSr ^ *1 ^P^" ' bi«hl'igs 64 and 66 to reduce friction. A 

A ftirlher object of thia invention is to provide a myoelectric S^^^ITh^ " ^-"^ ^I'^^^l 

. brace which is light weight j mw pj^^Qj, 5^ support 70 and yieldably resists the extension of 

AfurtherolgectofthJai^ventionisfoprovide. myoelectric 25 P^^ '^^l^^'?^^^^ 

brace which has a minimum si» and consumes a mbtimum of ^^"^ """^^ '^^^'^ 1^!'*'* 

power wwiuiumw a muiimum 01 ^^^^^ thereto to place the Huid chamber 76 in actuator 38 in 

Afii'rtherobdectofthisinventioniatoprovideamyoclectric communication with pump 78. Pump 78 includes a hollow 

brace which is operated by the muscle potentials in the pa- °" }^ ^ ."^'^ ^2 extending therefrom 

tient's arm. ^ ^ ^vwiiuus in cne pa 2^ adapted to receive the fluid line 74 thereon. Pump 78 Includes 

A ftjrthcr object of this invenUon is to provide a myoelectric " chamber 84 having a prwsure transducer 86 extending 

brace wherein muscle potentials are sensed by surface elec- .'^"iJ^'/^f transducer 86 is provided with an electri- 

trodes and are used to control finger position and tension in a ^^'Jf*^ 88 which extends to a dirferential amplifier which will 

proportional manner. * ^ be discussed hereinafler, 

A further object of this invention Is to provide a method of 5*"?*^'*"' ^^J^ positioned between piston head 80 and 

actuathig a myoelectric brace. cylinder housing 92 by means of cap screws 94. A U-shaped 

A further object of this invention Is to provide a myoelectric secured to the center of .bcllowf ram 90 by cap 

brace which is economical of manufacture, durable in use and «rews 98 extending through cap 100, beUowfram 90 and Into 

refined in appearance. P'??"^^: 

These and other objects will be apparent to those alcmed in , ^^T^ ^ P'***^ ^ P^»»e 104 secured 

the art. thereto which bears against the ball bearing screw nut 102 

This invention consists in the construction, arrangements, ^^i'^.** » groove of a grooved helical screw 1 16. Screw 

and combination of the various parts of the device, whereby * secured to the drive shaft 105 which roiatably extends 

the objects contemplated are attained as hereinafter more 43 ^^^^ ^ battery operated, direct current motor 106. The nu- 

fully set forth, specifically pointed out in the claims, and illus- ^^^^ * coupling housing positioned between 

tratcd in the accompanying drawings in which: ^^^^ housing 92 and maintained therebetween hy 

FIG; I is a side elevational view of the brace mounted on the iCTe\>fs 1 10. An oldham coupling 120 connects motor 106 to 

patient*8 arm; screw 1 1 6. 

FIG. 2 is a top view of the brace as seen along lines 2—2 of 50 EnergizaUon of the motor 106 causes power shaft 105 to 

FIG. 1; rotate ball bearing screw 116. The rotation of screw 116 

FIG. 3 is a longitudinal sectional view of the hydraulic ac- causes screw nut 102 to be moved along the groove of the 

tuator as seen along lines 3—3 of FIG. 1; to cause spring 1 18 to drive piston 96 to the right as 

FIG. 4 is A fragmentary longitudinal sectional view of the viewed in FIG. 4. Movement of piston 96 to the right causes 

hydraulic pump as seen along lines 4—4 of FIG. I ; 55 fluid in chamber 84 to be forced therefrom, through line 

FIG. 5 is a block diagram of the electrical circuitry of this ^u^^ compartment of actuator 38. The nuid 

invention; and entering fluid compartment 76 in actuator 38 causes piston 58 

FIG. 6 is a schematic view of the electrical circuitry of this ^ moved to the left, as viewed in FIG. 3, which causes push 

invention. rod 42 to be extended from the actuator 38 which In turn 

The numeral 10 generally designates a fixed wrist-hand 60 causes support 26, and hence the patient*s fingers* to be 

splint of this invention which is adapted to be secured to the nioved towards the thumb support 24. 

patient's lower arm, wrist and hand. Splint 10 inchides a splint numerals 1 12, ] 14 and 1 16 refer to the skin electrodes 

portion 1 2 which is secured to the patient's arm 14 by a strap which are placed adjacent the skin surface of the patient's arm 

16 extending therearound and selectively closed by a Velcro a' indicated in FIG. 1 and maintained thereon by suitable 
fastener means 18 (FIG. 1 ). The upper end of splint portion 65 means such as tape or the like. The electrodes are connected 

20 is pivotally connected'to the lower end of aplint portion 12 to a muscle potential amplifier generally referred to. by the 

by a pin 22. Thumb support 24 extends downwardly from one reference numeral 1 18 in FIGS. 5 and 6. If the patient desires 

end of splint portion 20 and Is adapted to have the patient's to dose his fingers, he tenses a muscle located near the skin 

thumb received therein (FIG. 1). A curved suppcnt 26 is surface electrodes. The resulting muscle potentials are then 
pivotally secured at its upper end to splint portion 20 by a pin 70 amplified by the muscle potential amplifier 1 18. This amplifl- 

28 and has spaced*apart, finger supports 30 and 32 extending er, FIG. 6, consists of a pair of operational amplifiers in a unity 

laterally therefrom. As seen in FIG. 1, finger support 30 is gain to common mode type circuit followed by a differential 

adapted to have the patient's fingers extending therethrough amplifier circuit, a parallel *'T'* rqection filter circuit, and a 

while Finger support 32 fs adapted to extend over the patient's Darlington amplifier circuit. The amplified myopotcntials are 
fingers. An arcuate hand support 34 Is secured to splint por- 75 then put into a detector circuit 120, consisting of a Schmidt 



10/16/2007 TUE 16:40 [TX/RX NO 7261] ^012 



10/16/2007 16:37 FAX 



@013/013 



3,631,542 



f rrggcr circuit followed by a low-pass filter clrculi. This detec* 
tor circuit transforms the amplified muscle potentials into a 
slow;y varying control signal whose amplitude is related to the 
muscle tension causing it. If the output of the difTercntiaf am- 
pllfier 124 is sufficiently large the motor control circuit 126 5 
causes the motor 106 to drive the hydraulic pump 78 until a 
prcsjturc related to the desired finger position plus tension is 
reached. The motor control circuit contains two identical con- 
trol circuits consisting of a relaxation oscillator cireuit which 
drives a hybrid liming circuit and u transistor bridge circuit. In 10 
this way both clockwise and counterclockwise rotation can be 
obtained depending upon which control circuit drives the 
transistor bridge circuit. The motor 106 stops when the signal 
from the pressure transducer 86 causes the difTcrcntial ampll- 
ficr 124 output .signal to go below a set threshold level. If the 15 
patient wiKhcs to open his fingers, he simply relaxes and the 
signal from the pressure transducer 86 causes the motor 106 
to reduce the pressure so that the brace is driven to its zero 
muscle voltage position by the spring 68 contained in the ac- 
luator 38. 20 

In summary, it can be seen that the myoelectric brace is 
driven by muscle potentials. The muscle potentialsare created 
by tensmg or contracting of the muscle which causes polaria- 
2! muscle. The electrodes on the skin detect the 
E.M.O. differential and relays the same to the circuiuy illus> 25 
traicd In the drawings. The pump 78 and actuator 38 are espe- 
cially designed to reduce friction through the use of the ball 
bushings 64 and 66 and through the use of the foldable bellow, 
fram incorporated therein. 

A brace has been provided which is lightweight and which 30 
requires a minimum of power to be consumed during the 
operation thereof. The size of the brace Is relatively small and 
IS convcnienUy secured lo the patient's arm. Finger position 
and tension is controlled In a proportional manner due to the 
muscle potentials being sensed by the surface electrodes ond 35 
the relationship of the pressure transducer to the motor con- 
trol circuit. 

Thus it can be seen thai the device accomplishes at least all 
of its stated objectives. 
1 claim: 40 



1. In a myoelectric brace, comprising, 
a splitii means adapted to be secured In a person's arm and 
having a fixed wrist-hnnd splini portion and a nuivahle 
finger support means pivotally connected thcroio, 
a hydraulic actuator means mounted on said fixed wrixi- 
hand splint portion and being connected ui said movable 
finger support means to cause said finger >tupporl means 
to be m»)vcd with respect to said fixed splint pt)rtl(in. 
a hydraulic pump means fiufdly connected to said aciuulor 
means adapted t(» cause said actuator means to move said 
finger support means, 
a motor means for operating said pump means. 
an elcctnxic means adapted to be placed on the wcjircr*.s 
skin surface adjacent a muscle capable of being tensed by 
the wearer. 

a circuit means connected to said electrode means adapted 
to sense the myo-potcntlals created by the tensing of said 
muscle and lo transform the potentials into a conlnil 
signal whereby said electric motor, said pump and said 
actuator will be operated so that said finger support 
means will be moved towards said fixed splint means, and 
said pump means including a hollow piston head housing 
having a fluid compartment provided therein, said fiuid 
compartment being in fiuid communication with said ac- 
tuator means, a cylinder housing connected to said piston 
head housing, a bellowfram between said piston head 
housing and said cylinder housing, a piston means in said 
cylinder housing connected to said bellowfram for move- 
ment therewith, a ball bearing screw rotaiably mounted in 
said cylinder housing, a screw nui opcratively connected 
to said piston means in engagement with said screw 
whereby rotation of said screw will cause said piston and 
said bellowfram to be moved, said motor having a drive 
shaft connected to said screw. 
2. The brace or claim I wherein a pressure transducer Is in 
communication with said fiuid compartment in said piston 
head housing, said pressure transducer being electrically con- 
nected to said circuit means to stop said motor when a 
piedetcrmmed pressure is reached in said fiuid compartment. 
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